excessive rains began in late May. In much of northeast and north-central Kansas, it rained daily between May 16 and 31. Salina had more than 17 inches of rain during the month, and most of northeast and north-central Kansas had more than 10 inches of rain ( fig. 1 ). The lack of surface storage in the river basins and already saturated soils made the flood of 1903 of exceptional magnitude (Murphy, 1904) .
The Result
On May 27, 1903 which was 6.4 feet higher than the highest reading during the previous 22 years of record.
The Missouri River gage at Kansas City (station 06893000) recorded its highest reading during the 1903 flood, nearly 35 feet, on June 2, which was only 2 feet below the highest mark of the great flood of June 20, 1844 (Murphy, 1904 For a period of 11 days (May 28 through June 7), the Kansas River was higher than it had been in the previous 22 years of record. Hundreds of homes were swept away by floodwaters and property damage was great totaling $22 million in Kansas and Kansas City, Missouri (Murphy, 1904) . Twenty-four people lost their lives in North Topeka alone (Strickrott, 1903) . Of the 16 bridges spanning the Kansas River from the Armourdale District in Kansas City, Kansas, to its joining with the Missouri River (a distance of 4 miles), all except one were in part or wholly destroyed. One of the bridges carried a 36-inch water pipe that supplied Kansas City, Missouri, and a part of Kansas City, Kansas. As a result of the pipe loss, the whole city was without water for 12 days, and electric and gas companies, and street railways were forced to shut down (Murphy, 1904) . In Lawrence, the north span of the Massachusetts Street Bridge over the Kansas River was swept off its piers by a house that was being carried along by the raging torrent. Had it not been for the forethought of authorities in uncoupling this bridge span from the others, the entire bridge might have been lost. Bowersock Mill was swept away, and during the day on May 30, 50 houses were counted as they were swept over the mill dam (Lawrence Daily Journal, June 1, 1903) .
Flood
The historic flood of 1993 affected more than just Kansas and spanned nearly 2 months from mid-June to early August. The area of significant flooding extended into much of the upper Mississippi River Basin and included parts of southern Minnesota, southwestern Wisconsin, Iowa, western Illinois, northern Missouri, southern North Dakota, and eastern parts of South Dakota, Nebraska, and Kansas (Parrett and others, 1993) . Fifty deaths occurred, and damages approached $15 billion in the nine-State area (National Oceanic and Atmospheric Administration, 1993, p. i (National Oceanic and Atmospheric Administration, 1993, p. 1 1) .
The Storm
The magnitude and timing of several rainstorms in mid-June and July 1993, combined with wet antecedent conditions, were the principal causes of the severe flooding in the upper Mississippi River Basin in 1993 (Parrett and others, 1993) . In Kansas, January-July monthly precipitation totals ranged from 64 percent (April) to 535 percent (July) of normal for the National Weather Service station at Manhattan (Wahl and others, 1993) . From July 22 to 24, 2 to 13 inches of rain fell in parts of Kansas and Nebraska contributing large flows to already filled reservoirs in the Kansas River Basin. Lines of equal total precipitation in Kansas for July 1993 are shown in figure 2.
The Result
Moderate to major flooding occurred in a large part of the Kansas River Basin during July 1993. The Kansas, Big Blue, Black Vermillion, Smoky Hill, Solomon, Saline, and Republican Rivers, along with (A)
Approximate location of photograph (B) (B)
(A) Controlled flow over the emergency spillway at Turtle Creek Lake, north of Manhattan, Julytheir tributaries, produced flooding of agricultural fields, numerous secondary roads, and many county, State, and Federal highways (National Oceanic and Atmospheric Administration, 1993, p. 2-76) . Eighteen of the 163 USGS streamflow-gaging stations in operation during 1993 measured record maximum daily peak flows, and 68 stations measured mean annual streamflows for the 1993 water year (October 1, 1992 , through September 30, 1993 ) that exceeded the greatest mean annual Streamflow for their periods of record, which ranged from 6 to 78 years in length (Geiger and others, 1994 Star, July 21, 1993 In the Kansas City metropolitan area, the Missouri and Kansas Rivers reached their highest flows almost simultaneously on July 27, 1993. Excessive rainfall upstream, saturated soil conditions, and high river stages combined to create a flood of historic magnitude on the Missouri River. Without the reservoirs in the Missouri and Kansas River Basins, the maximum daily peak flow at the USGS gaging station on the Missouri River at Kansas City, Missouri (station 06893000), could have been as high as 713,000 cubic feet per second, overtopping the Federal levee system (Perry, 1994) . With the reservoirs, Streamflow was contained within the levees. Observed flows on July 27 were less than 2 feet from the top of the Federal levees (Perry and others, 1997) , and despite upstream regulation of flows, the Missouri River at Kansas City, Missouri, gaging station was above flood stage (32 feet) from July 6 through August 6 (National Oceanic and Atmospheric Administration, 1993) . No lives were lost in Kansas as a result of the flooding.
Comparison of Major Kansas River Floods
The results of the historic flood of 1993 were different from those of the (Perry, 1994) .
For comparison, flood-peak flows can be referenced to a specific recurrence interval or likelihood of occurrence. The recurrence interval is the average number of years between occurrences of the annual peak flow that equal or exceed a specified Streamflow. For example, a Streamflow that has a 100-year recurrence interval is so large that an equal or greater annual peak flow is expected, on average, only once in any 100-year period. Streamflows during the 1903 flood in the Republican and Kansas River Basins had greater than 50-year recurrence intervals, with flows greater than any flood since 1844 (Clement, 1991) . Streamflows during the 1951 flood in the Solomon, Kansas, Marais des Cygnes, and Neosho River Basins had recurrence intervals that ranged from 25 to greater than 100 years (Clement, 1991) . Streamflows during the 1993 flood in the Kansas River Basin had 10-to 100-year recurrence intervals (Parrett and others, 1993) .
Real-Time Streamflow Information During Flooding
Currently (2003), the USGS maintains more than 7,000 streamflow-gaging stations nationwide in cooperation with various local, State, and Federal agencies. Real-time streamflow data from the USGS are used by the National Weather Service's River Forecast Centers to determine flood stages for various streams and to help forecast when and where streams will crest during floods. The U.S. Army Corps of Engineers uses real-time streamflow data to schedule reservoir releases that are designed to lessen the amount of potential damage from overflowing streams and to prevent water from backing up into smaller tributaries when the main stem is already bankfull. USGS streamflow data are also used to design bridges, highways, and culverts that will convey sufficient streamflow so that transportation infrastructures remain above water during flooding. The Federal Emergency Management Agency uses USGS streamflow data to develop floodinsurance rate maps and to address emergency-response needs before, during, and after flooding.
The 
